Introduction: Hem-o-lok ligation clips are widely used for the hemostatic control of major mesenteric vessels during laparoscopic colorectal resection. We report 2 rare cases of bowel obstruction and perforation requiring urgent surgical intervention after the application of Hem-o-lok clips (Weck Surgical Instruments, Teleflex Medical, Durham, NC, USA), which were used to occlude vessels and provide hemostasis during elective laparoscopic sigmoid colon resection. In both cases, the clips completely dislodged from the vessels to which they were initially applied and eventually attached to the wall of the small bowel, causing obstruction, ischemia, and perforation.
INTRODUCTION
Hem-o-lok clips (Weck Surgical Instruments, Teleflex Medical, Durham, NC, USA) have been used for vascular control in urologic, gynecologic, general, and colorectal laparoscopic surgery. Some studies have suggested that, when applied properly, the Hem-o-lok clip is a safe method of achieving vascular control and hemostasis, 1 especially during laparoscopic nephrectomy. 2 Other studies have demonstrated the safety of these clips in ligating the appendiceal stump 3, 4 and have advocated its use in hysterectomy, 5 prostatectomy, 6 and lobectomy. 7 The Food and Drug Administration (FDA), however, issued a warning to health care providers that Hem-o-lok clips can pose a serious risk to the donor during a laparoscopic living-donor nephrectomy when used for the ligation and occlusion of the renal artery. 8 The warning followed 15 reports of 12 injuries and 3 deaths that occurred between November 2001 and March 2005. 8 In 2006, the manufacturer amended the information in the instructions for the use of Hem-o-lok clips. 9 Since then there have been reports of cases of clip-related complications after robotassisted laparoscopic radical prostatectomy, 10, 11, 12 including small-bowel obstruction, 13 laparoscopic radical nephroureterectomy with bladder cuff excision, 14 and laparoscopic cholecystectomy. 15 We report 2 cases of small-bowel obstruction and perforation caused by Hemo-lok clips initially applied for the occlusion of the inferior mesenteric artery (IMA), during elective laparoscopic sigmoid colon resection.
CASE REPORTS Case 1
An 82-year-old man underwent an elective laparoscopic sigmoid colectomy for a Duke's C moderately differentiated adenocarcinoma. After surgery, an anastomotic leak developed that led to an urgent laparotomy and the formation of an end colostomy. After discharge from the hospital, the patient successfully completed 8 cycles of adjuvant chemotherapy.
He then underwent a laparoscopic reversal of the Hartmann's procedure. He was found to have very dense small-bowel adhesions to the area that corresponded to the origin of the IMA, with 2 Hem-o-lok clips embedded in the small-bowel serosa and completely dislodged from the IMA remnant to which they had initially been applied for hemostasis (Figure 1 ). There was no active bleeding from the artery. After division of adhesions, there was a small-bowel perforation next to one of the Hem-o-lok clips completely walled off by the numerous adhesions, which led to resection of the affected small-bowel loop and a stapled side-to-side anastomosis.
Unfortunately, the patient had a complicated recovery from the operation, as he underwent an urgent laparotomy for small-bowel perforation, and he was found to have a leak from the area of the previously repaired enterotomy.
Case 2
A 69-year-old woman presented with a 2-day history of lower abdominal pain, vomiting, and absolute constipation. Her previous surgical history included an emergency laparoscopic Hartmann's procedure 14 months earlier for perforated sigmoid diverticulitis, with a laparoscopic reversal of Hartmann's procedure 8 months later.
On examination, she had generalized abdominal tenderness, distension, and absent bowel sounds. Initial blood tests revealed a white blood cell count of 20.1 ϫ 10 9 /L and a C reactive protein level of 223 mg/L. A plain abdominal x-ray ( Figure 2 ) revealed a small-bowel obstruction, and a computed tomographic scan of the abdomen and pelvis (Figure 3) showed markedly dilated loops of small bowel, particularly in the left flank, but an obvious cutoff point of obstruction.
The obstruction was initially treated conservatively, as it was thought to be adhesional, but as her symptoms had not resolved by day 4, she proceeded to an emergency laparotomy. Intra-operative findings were dilated smallbowel loops with a cutoff point. At the transition point, a Hem-o-lok clip was embedded in the serosa of the small bowel, causing secondary stenosis. Just proximal to this area, there was a small-bowel perforation (Figure 4) . The affected small bowel was resected, and a double-barreled ileostomy was formed. The Hem-o-lok clip had been placed for ligation of the IMA during the laparoscopic Hartmann's procedure.
DISCUSSION
Hem-o-lok clips (Weck Surgical Instruments, Teleflex Medical, Durham, NC, USA) are made from a permanent radiotranslucent inert polymer. They are available in 4 sizes and are designed to ligate vessels from 2 to 16 mm. There have been reports supporting the safety, ease of application, and cost effectiveness of the clips in several general surgery procedures such as laparoscopic appen- However, Liu et al 15 showed that the Hem-o-lok clip migrated in the common bile duct after laparoscopic cholecystectomy and common bile duct exploration in 8 of 1600 patients, suggesting that the Hem-o-lok clip may not be a safe method for control of vessels and the cystic duct during laparoscopic cholecystectomy.
There is an interesting report 13 of a postsurgical smallbowel obstruction caused by a Hem-o-lok clip applied during robot-assisted radical prostatectomy and another report of a clip migrating into the rectum 16 and presenting as a mass on colonoscopy performed for diverticular disease of the colon.
The manufacturer recommends the use of more than one clip to control the renal artery in procedures other than laparoscopic donor nephrectomy after a contraindication was issued in 2006 in response to reports of death caused by the dislodging of clips from the renal artery. 9 To achieve a better oncologic outcome in laparoscopic colorectal surgery for malignancy, the surgeon first performs a high division of the IMA in cases of left colon and rectum resection and the ileocolic branch of the superior mesenteric artery in right hemicolectomy. The artery is usually dissected and skeletonized from surrounding mesenteric tissue near its origin and is divided between 1 distal and 2 proximal Hem-o-lok clips. We report 2 cases of small-bowel obstruction and perforation related to Hem-o-lok clips. In both cases the 2 proximal clips that were used to ligate the origin of the IMA were dislodged from the artery and found completely embedded in the wall of the bowel, causing full-thickness ischemia, necrosis, and perforation. The clips are normally applied at the origin of the IMA as it branches directly off the abdominal section of the aorta. It is possible therefore that the remnant of the IMA that is clamped is too short for both clips to be applied and, as a result, they slip off the vessel. If this hypothesis is correct, it can be expected to happen in the early postoperative period, leading to torrential bleeding. We believe that it is more likely that, once the small bowel becomes adherent to the clip, the clip will be dislodged by small-bowel peristalsis against resistance. In both cases, the slippage of the clip became evident almost a year later during reoperation when one patient had an emergency laparotomy for bowel obstruction and the other patient had an elective reversal of a Hartmann's procedure. However, if the clips slip off the IMA soon after the operation is performed, then hemorrhage from a major intra-abdominal artery could cause serious complications, including death. Large arteries such as the IMA require the use of large Hem-o-lok clips. The inclusion of too much pulsating tissue within the clip may exert enough pressure to cause it to slip off the artery, but such an event would cause immediate life-threatening complications such as hemorrhage. A Hem-o-lok clip applied on a poorly skeletonized vessel, perhaps encompassing some of the mesenteric tissue and peritoneum, could allow the slow dislodging of the clip, and the process could take long enough to cause obliteration of the lumen of the artery and avoid subsequent bleeding. Histologic evaluation of the small-bowel specimens in both cases did not offer any explanation for the reaction between the nonabsorbable polymeric device and the wall of the bowel. It revealed, however, marked submucosal edema at the indented area of the bowel next to the clip attachment and vascular congestion with abrupt loss of muscularis propria, accompanied by perforation and fibrinopurulent serositis. There was no evidence of dysplasia or malignancy. The features were those of localized ischemia and perforation secondary to extrinsic compression.
CONCLUSION
When properly applied, Hem-o-lok clips are a safe method of ligating the major mesenteric vessels in elective laparoscopic colorectal procedures. Migration of these clips into the adjacent small bowel, although rare, may cause serious postoperative complications, such as bowel obstruction and perforation, with significant associated morbidity.
It is therefore our recommendation, based on our experience with the Hem-o-lok clip, that the device not be used for the ligation of major mesenteric vessels during laparoscopic colorectal procedures. Large titanium clips or other vascular stapling devices should be used instead.
General and colorectal surgeons should be aware of the reports of Hem-o-lok-related complications when deciding on which mechanical device to use for proximal vascular control during laparoscopic surgery and should promptly report any event that could cause an adverse outcome.
In view of the several reports of Hem-o-lok-related postoperative complications, [13] [14] [15] 17 we recommend that large randomized studies be undertaken to determine the effectiveness and safety of these clips and that retroperitoneal operations such as renal transplantation be included in the analysis.
Finally, health care professionals should be familiar with their institutions' current protocols for reporting medical device failures and adverse events. These processes are regulated and legislated by the FDA in the United States through the Medical Device Reporting mechanism and its counterpart in the United Kingdom, the Medicines and Healthcare Products Regulatory Agency, an executive government agency controlled by the Department of Health.
